Vol. 57 NISHIDA, NAGATSUKA, and SUGIYAMA Basidiomycota (Bauer et al., 2006; Nishida et al., 1995; Sjamsuridzal et al., 2002) . The phylogenetic position of Mixia osmundae within the Pucciniomycotina (Basidiomycota) and the identity of its sporangium remain unresolved.
Mixia osmundae IAM 14324 (= JCM 22182, = CBS 9802) was used in this study. After the strain had been cultivated in YM broth (yeast extract, 3 g; malt extract, 3 g; peptone, 5 g; dextrose, 10 g; water, 1 L) at 25 C for 6 days, the cells were 3 times washed using PBS buffer (pH 7.4). The genome DNA was extracted from 5 10 7 cells and purifi ed using a QIAamp DNA Micro Kit (QIAGEN).
The genome sequencing was performed using the massively parallel DNA sequencer Roche GS FLX Titanium. The result of sequencing is summarized in Table 1 . The assemblies of the reads were performed using the GS De Novo Assembler software (454 sequencing, Roche). Assembly of the sequence data resulted in 4,408 contigs (3,019,501 bases). Those 4,408 DNA sequences have been deposited in the DDBJ database, under the accession numbers BABT01000001 BABT01004408.
The BLASTX program on the NCBI (http://blast.ncbi. nlm.nih.gov/Blast.cgi) was used in the DNA sequence similarity search. The BLASTX search revealed that 1,473 of the 4,408 contigs had protein-coding sequences with an E-value 10 20 .
Among the 1,473 sequences, 1,135 (77.1%) had the highest similarity with the protein coding genes of the following six basidiomycetes, which occupied the positions from the most hit genus to the sixth most hit genus (Fig. 1 In the international DNA/protein database, the aminoadipate reductase gene (lys2) fragment of Mixia osmundae was deposited. The lys2 genes are used as a fungal phylogenetic marker (An et al., , 2003 . Fortunately one (contig no. 3275) of the contig DNA sequences encodes aminoadipate reductase. The predicted protein sequence (235 amino acids) is iden- The BLASTX program on the NCBI (http://blast.ncbi.nlm.nih. gov/Blast.cgi) was used in the DNA sequence similarity search. A total of 1,473 DNA fragments encoding proteins (E-value 10 20 ) were obtained. Draft genome of Mixia osmundae tical to the previous sequence. It is certain that the massively parallel DNA sequencer used in this analysis read the Mixia osmundae genome DNA. The results of the BLASTX indicate that 477 contigs (32.4%) had the highest similarity with known functional proteins and the others had the highest similarity with hypothetical proteins. Those contigs include information about Mixia osmundae evolution. However, at present, available DNA sequences of basidiomycetes for a comparative study are much fewer than those of ascomycetes (Wang et al., 2009) .
The RNA polymerase coding gene has been used as a fungal phylogenetic marker (e.g., Frøslev et al., 2005; Hibbett and Matheny, 2009; Liu et al., 2006) . Eleven of the 477 contigs had the highest similarity with RNA polymerase coding genes. Among the 11 contigs, 2 (contig no. 00951 and contig no. 04071) had similarity with a lot of basidiomycetous RNA polymerase genes.
The phylogenetic tree (Fig. 2) based on the predict- Fig. 2 . Phylogenetic tree based on the predicted protein sequence of Mixia osmundae contig no. 00951 and the similar RNA polymerase fragment sequences of fungi.
The phylogenetic analysis was performed based on 183 amino acid-sites without the gap/insertion sites. The neighbor joining tree was reconstructed using the MEGA software version 4 (Tamura et al., 2007) . The bootstrap was performed with 1,000 replicates. The rate variation among sites was considered with gamma distributed rate (α = 1). The other default parameters were not changed. The bar indicates 5% difference.
Vol. 57 NISHIDA, NAGATSUKA, and SUGIYAMA ed protein sequence of contig no. 00951 and the similar sequences showed that although the Agaricomycotina and the Ustilaginomycotina formed a monophyletic lineage (99% and 97% bootstrap supports, respectively), the Pucciniomycotina did not. In addition, the Ascomycota were polyphyletic and Mixia osmundae was clustered with a part of Ascomycota with low bootstrap support (32%) (Fig. 2) . The phylogenetic tree (Fig. 3) based on the predicted protein sequence of contig no. 04071 and the similar sequences showed that the Pucciniomycotina formed a monophyletic lineage but bootstrap support of the lineage was very low (21%). Lack of the comparative genetic and genomic information for Pucciniomycotina causes the ambiguity of the phylogenetic position of Mixia osmundae.
Although some genome sequencing projects of other than fungi Mixia belonging to the Pucciniomycotina (for example, Puccinia graminis genome (http://www. broadinstitute.org/annotation/genome/puccinia_ group/GenomesIndex.html)) are in progress, at present we can fi nd no genome sequence of the Pucciniomycotina in the international DNA database. Therefore, we lack genomic information to compare with that for Mixia osmundae. In order to elucidate the phylogenetic relationships among Pucciniomycotina, more genomic information about Pucciniomycotina is needed. Fig. 3 . Phylogenetic tree based on the predicted protein sequence of Mixia osmundae contig no. 04071 and the similar RNA polymerase fragment sequences of fungi.
The phylogenetic analysis was performed based on 148 amino acid-sites without the gap/insertion sites. The neighbor joining tree was reconstructed using MEGA software version 4 (Tamura et al., 2007) . The bootstrap was performed with 1,000 replicates. The rate variation among sites was considered with gamma distributed rate (α = 1). The other default parameters were not changed. The bar indicates 5% difference.
